'4 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europten des brevets 



(11) 



■ill 

EP 0 750 202 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of putslication: 


(51) 


lnta<»: G01S 17/00 




27.12.1996 Bulletini 996/52 












iiTicr riaiioricU appiKxiuun iiuii • 


■ / 


Application number: 96912344.7 






(22) 


Date of filing: 26.03.1996 


(87) 


International publication number: 








WO 96/19100 (27.06.1996 Gazette 1996/29) 


(84) 


Designated Contracting States: 


(72) 


Inventors: 


AT BE CH DE DK ES H FR GB GR IE IT LI LU MC 


• 


MOROZOV, Alex^ Vitallevlch 




NLPTSE 




Moscow, 123181 (RU) 






• 


SOUKHOROSSOV, Sergey YUrievich 


(30) 


Priority: 01.03.1996 RU 96103436 




Moscow, 141070 (RU) 


(71) 


Applicant: YALESTDWN CORPORATION N.V. 


(74) 


Representative: BOVARD AG - Palentanwdlte 




Curate, Nettieriands Antilles (AM) 




Opdngenstrasse 16 








3000 Bern 25 (CH) 



(54) METHOD OF OBSERVING OBJECTS UNDER LOW LEVELS OF ILLUMINATION AND A 
DEVICE FOR CARRYING OUT THE SAID METHOD 

(57) A method and apparatus for imaging objects in 
reduced illumination conditions are presented. Accord- 
ing to the present invention the de^nce includes a pulsed 
source of light (1) with a transmitting optics (2). a syn- 
chronisation unit (3). a control unit (4). an optical image 
receiver (5) with a receiving objective lens (6). an objec- 
tive lens control unit (7). The device provides uniformly 
bright images of objects located at various distances 
both using the natural illumination of the zone under 
ofc)servation and with use of an additional illumination as 
well as to separate individual objects located within the 
zone of ok>servation. 



< 

CM 
O 
CM 

in 
o 

Q. 

LU 



Primed by Rank Xerox (UK) Business Ssfvioes 
2.13.10/3.4 



BNSDOCID: <EP ^07S0202Al.l_> 



1 



EP0 7S0 202 A1 



2 



Description 

FIELD OF I^IVE^f^lON. 

The present invention relates to an optical Instru- 
ment engineering, particularly, to optical radar appara- 
tus. 

BACKGROUND OF THE INVENTION. 

A method disclosed in EP No. 03263735 for imag- 
ing objects in low illumination is known according to 
which a subject of observation is illuminated by a pulsed 
source of ligtit. Light r^lected back from the object is 
received by an optical image receiver. The operation of 
a controlled shutter of the image receiver is synchro- 
nised to the emission of light pulse. The device realising 
this method comprises a pulsed source of light with a 
transmitting optics, an optical image receiver with a con- 
trolled shutter. Adjusting the delay between the moment 
of light pulse emission and the moment when the shut- 
ter opens, images of objects lying in a zone of most 
interest can be obtained. 

A disadvantage of the known method and the 
device is that using one light source and one camera it 
is possible to obtain images only of the objects lying in a 
narrow zone of visibility. One way to extend the zone of 
visibility is to increase a number of simultaneously oper- 
ating light sources (pulses) or cameras (each source or 
a camera operates at its own range) with the further 
summarising of videosignals. kxjt such a device is signif- 
icantly more cumbersome or power of its light source is 
not used in full (see EP N» 04681 75). Apart of this such 
a device does not use a natural amt^ient illumination 
which enables to get additional information Bbout the 
objects. 

The most dose to the present method and the 
device is a method and a device disclosed in UK patent 
N' 2212689. According to this method an object 
(ot)jects) is illuminated by a pulsed source of lig^ and 
by an additional constant source of illumination. Light 
reflected back from the objects is received by an optical 
image detector, the operation of its controllable gate is 
sinchronized to the emission of light pulse. The device 
for imaging objects in reduced illumination comprises a 
pulsed source of light with a combining optics and an 
additional constant source of light, an optical image 
detector with an acOustcU>le gain, means for an auto- 
matic adjustment of mean image brightness and a con- 
trol unit which input is connected with one of the outputs 
of synchronising unit, another output of which being 
connected with the input of the pulsed source of light. 

This invention partiy overcomes the atx>ve- 
described disadvantages. Additional information about 
the objects is obtained by use of natural amtxent illumi- 
nation or additional lighting of the scene to be viewed. In 
so doing the brightness of objects located at various dis- 
tances from the device and illuminated by the constant 
source of light will differ and at the presence of a great 



numt>er of objects at the image foreground images of 
objects at the background will be shaded. The same 
effect will occur if operate in tuibid medium (fog, snow- 
fall, smoke, eta). 

5 

SUMMARY OF THE INVENTION. 

The pres&it invartion overcomes the above named 
disadvantages of the dosest analogue and provides a 

10 urufbrmly bright image of objects located at various dis- 
tances within the field of view of the device using tx)th 
natural ambient illumination and an additional source of 
ligfit providing the possibility to separate objects in the 
zone of most interest according to their brightness. 

IS Due to the fact that in conditions of reduced light 
level images of objects lying at various distances are of 
equal brightness, the present invention is appropriate 
for use on motor vehicles where there is a need to have 
images of all the oksjects lying in front of the vehicle at 

20 the same time, but not only of the objects k)cated at a 
certain distance. It enatiles a constant control over the 
current situation as well as makes the situation predict- 
at)le. keeping the possbiiity to separate obiects at cer- 
tain distance out of the received image of the whole 

25 scene. 

The above-named objects of the present invention 
are obtained by use of an embo(fiment where, after 
emission of each light pulse the gain of an optical image 
receiver is being constantly increased up to the moment 

30 when the light reflected from the most distant objects 
located within a chosen zone under observation oomes 
t>ack to tfie receiver in such a way as to provide images 
of equal txightness of the illuminated objects selected 
for viewing. In order to receive images of objects in addi- 

35 tional illumination the gain is set to a fixed level and 
bdng hokl at this level until the eirvssion of the next light 
pulse. In addition to this, in order to separate conaete 
ejects in illuminated zone under viewing, the gain 
instantiy increases when light first reflected by these 

40 Objects gets tiie receiver, then the gain is constanfly 
increasing and then is instantly reduced when light last 
reflected by these objects gets the receiver. Natural 
ambient illumination can be used as the additional light 
source. 

45 To otJtain the above-described . ok^ects of the 
present invention, the synchronising unit arKi the control 
unit are made in such a way as to provide the possibility 
to synchronise each light pulse and to increase the gain 
of the optical image receiver up to the moment when 

so light reflected by the most distant objects in tfie zdne 
under oiDservation comes back to the receiver and to 
held the gain at a constant level until the moment of 
emission of the next light pulse. The optical image 
receiver may comprise an Image intensifier. the gain of 

55 which is controlled by means of varying the control volt- 
age on its microchannel plate . The synchronising unit 
and the control unit may be made to provide the possi- 
bOity of instant increase of the image intensifier gain, its 
furtiier increasing and instant decrease in order to sep- 
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arate some concrete objects in the zone und^ observa- 
tion. 

The above-discussed and other features and 
advantages of the present invention wiD be appreciated 
and understood from the fbllcwing detailed description 
and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS. 

Referring now to the drawings, wherein like ele- 
ments are numbered alike in the several figures: 

Fig. 1 is a block diagram depicting the device in 
accordance with the present irrvention; 

Rg. 2 is a block diagram of the synchronising unit 
and the control unit of the optical image 
receiver; 

Rg. 3 is a tAock diagram of the optical image 
receiver and the control unit of the oksjective 
lens; 

Rg. 4 are timing diagrams of operation of the 
device for object imaging in reduced illumi- 
nation. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring first to Rg. 1, the device for object imag- 
ing in reduced illumination comprises a pulsed source 
of light 1 . Light is propagated through a transmitting 
(forming) optics 2 toward the subject of ok)servation. 
The input of the light source is connected with the first 
output of a synchronising unit 3. The second output of 
the synchronising unit 3 is connected with a control unit 
4 of an optical image receiver. The output of the control 
unit of the optical image receiver is connected with the 
optical image receiver 5. The image receiver comprises 
a receiving optics (objective lens) 6. A control unit of the 
objective lens is coupled to the image receiver and the 
synchronising unit 

The synchronising unit 3 triggers the pulsed source 
of light 1 which is used together with forming optics 2 to 
provide a pulsed illumination of objects (not shown in 
Fig. 1). Simultaneously wHh the light source 1 trigger- 
ing, the synchronising unit 4 triggers the control unit 4 
which is continuously increasing the reefer gain 5 in 
such a way that images of illuminated objects are of 
equal brightness. In addition to that, the synchronising 
unit 3 generates a signal which is intended to select 
objects located at a certain range within a zone of some 
d^^th. The said depth and range are to be set by exter- 
nal signals. The alxve-named selection signal is 
applied to the control unit 4 which increases instantly 
the gain of the image receiver 5 then keeps it rising and 
reduces the gain instantly when light reflected last from 
objects at a certain range gets the receiver. When sig- 
nals at the output of the synchronising unit 3 stop to act, 
the control unit 4 sets the gain of the receiver to a con- 
stant level. This enables receiving images of objects in 
natural ant)ient illuntination. The value of constant gain 



level defines the object image brightness in natural 
amt»ent HghL While the value of the instant gain 
increase/deaease deterrranes the image brightness at 
selecting concrete objects using additional lighting. 

5 These values of brightness may t>e set t>y external sig- 
nals. The image receiver 5 with a recaving objective 
lens is purposed to form images of the objects to t>e 
viewed (optical or televisual). The gain of the receiver is 
adjusted ty the control umt 4. Mean level of the image 

10 receiver gain 5 defines mean brightness of the received 
Image and may be set by an external signal. The objec- 
tive lens control unit 7 serves to s^ automatically an iris 
and the focus in dependence on the received images 
brightness and distance to the concrete selected 

f 5 objects conrespondingly. 

EXAMPLE OF THE EMBODIMENT 

Referring now to Rg. 2 the synchronising unit 

20 includes a master oscillator 8 which generates a pulse 
which triggers a light source. The light pulse emitted by 
the light source propagates towards the subjects of 
observation. Then the light is reflected by the objects 
and comes t>ack to the receiver. Coincklentally with the 

25 light source triggering the master oscfllator 8 triggers a 
one-shot muttivtorator 9 which forms a pulse which 
duration equals to the time required for light to get the 
ot)ject lying at a maximum range. The maximum range 
is the range to the subjects of observation, light 

30 reflected by which , is still detectable by the image 
receiver. The pulse from the one-shot multivibrator 9 
enters a saw-tooth voltage generator 10 which forms a 
triangular pulse, see fig. 4. The triangular pulse then 
enters a sununer 11. This pulse serves to equalise 

35 image brightness of objects illuminated by the light 
source and lying at different (fistances. To say more 
exactly, this pulse serves to equalise the brightness; of 
objects located within the fietel of view at various dis- 
tances in illumination provided by the pulsed source of 

40 light. 

The master vibrator 8 also triggers a one-shot nxil- 
tivibrator 12. which generates pulses a duratk>n of 
which is set manually by the operator and the duration 
equals to the time required for light to go from the light 

45 source to the nearest edge of the illuminated zone 
where sorne concrete objects are located and back to 
the receiver. The one-shot multivtorator 12. in its turn, 
triggers a one-shot multivibrator 13 which generates 
pulses with a duration that is manually set up and 

so equals to the time required for light to propagate from 
the nearest edge of the illuminated zone to the far edge 
and t^ack to the nearest edge. The pulse generated by 
the one-shot multivibrator is manually adjusted for 
amplitude through the use of an amplifier 14 and is 

55 applied to the summer 11. The pulse at the output of the 
arrplifler 14 determines the distance to the nearest 
edge of the zone to be illurranated. its depth and bright- 
ness, that means, it serves to separate some concrete 
objects according to their brightness locatjed within a 
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zone of most interest . The signal from the ^mmer is 
appfied to the switch 15 which transmits the signal from 
the summer 11 to the output when the pulse at the out- 
put of one-stot muttivtbrator 9 is active that correspords 
to the receiving of an image obtained mainly under the 
light of pulsed light source. After the pulse at ttie output 
of the one-shot multivibrator 9 stops to act a signal of a 
manually pre-set constant level is applied to the output 
of the switch 15. This signal serves to adjust the bright- 
ness of images formed in other (Including natural) light 
sources. arxJ therefore, the problem* of forming object 
images under the natural amt>ient illumination Is 
resolved. As a result, at the output of the switch 15a sig- 
nal with a profile having tfiree specific parts is formed: 
part 29 is purposed to form images of equal brightness 
in additional illumination provided by the pulsed source 
of tight, part 27 purposed to illuminate objects of most 
interest, and part 28 purposed to form images in natural 
amt>ient illumination. 

The gain control signal formed in such a manner is 
applied to the image receiver 5. The image receiver can 
be made on the t>ase of an image intensifier with a 
nnicrochannel plate (MCP). As it is shown in fig. 3 the 
aboveniamed signal after the amplification by the ampli- 
fier 16 is applied to the microchannel plate 25 of the 
image intensifier 17 wfiich forms on its screen 24 an 
intensified image which was received on the photocath- 
ode 26 by use of a receiving objective lens 6. As the 
gain of the MCP is proportional to the square voltage, 
the linearly varying gain control voltage will compensate 
the inverse square dependence of the irradiance of 
ofc)jects under observation upon the range during the 
image receiving in a pulsed illumination and, th^efbre. 
the images will be of equal brightness. 

A television camera 22 may be used to transform 
the image on the screen of the image intensifier 17 into 
a television signal. For further processing, a videosignal 
from the television camera is applied to the video moni- 
tor 23 or other televisual means. 

For automatic control of the mean image bright- 
ness, the signal proportional to the current on the image 
intensifier screen is applied to the input of a threshold 
amplifier 18, the functioning threshold of which is manu- 
ally adjustable for setting tiie mean image brightness. 
The output signal from the amplifier 18 controls the 
mean gain of the amplifier 16 and also is used to control 
an iris incorporated in the objective lens of the receiver. 

For automatic objective lens focusing to the illumi- 
nated zone, the voltage which confrds the distance to 
this zone and which is used by the one-shot multivibra- 
tor 12. is applied to an arrplifier 20 having a non-linear 
amplitude characteristic and further to a servodriver 21 
which controls the objective lens focus. The shape of 
the amplitude characteristic of the amplifier is selected 
to provide tiie best focusing of the receiving objective 
lens for any range. 



INDUSTRIAL APPLICATION. 

The present method and device for imaging (Ejects 
in reduced illuminatk>n is realized using a current tech- 

5 nology standard for this field of industry. Exploitation of 
the device has demonstrated its high efficiency t)ecause 
it is capable, in addition to all the advantages of existing 
analogues, to assist for exanple the work of a driver in 
snowstorm, snowfall, etc.. decreasing the unfavourat>le 

70 effect of light scatter by particles of fog. snow as well as 
to reduce the dazzling from headlight of approaching 
and passing vehicles. 
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Claims 



1^ A method for imaging objects in reduced illumina- 
tion conditions according to which the object 
(objects) is illuminated by a pulsed source of light 
and by an additional constant source of light, light 

20 reflected back from the objects received by an 
optical image receiver which operation is synchro- 
nised to the emission of light pulse, is distinguished 
by the fact that during the emission of each light 
pulse tiie gain of the optical image receiver is being 

2S changed continuously up to the moment when light 
reflected from the most distant objects located 
. within a selected zone of observation comes back 
in a manner providing the equal image brightness 
of lighted objects selected for olDservation. and the 

30 value of gain is being held at the constant level until 
tiie next light pulse emission. 

2. A method as claimed in Claim 1 characterised in 
that in order to separate some concrete objects 

35 within a zone of observation after receiving light 
reflected back from these objects tiie gain is imme- 
diately increased then is being increased constantly 
and is reduced immediately after receiving the last 
Ugtit reflected from the concrete objects. 

40 

3. A method as claimed in Claims 1 and 2 character- 
ised in that natural ambient illumination is used as 
an additional constant source of light. 

45 4. An apparatus for imaging ok)jects in reduced illumi- 
nation conditions comprising a pulsed source of 
light with a transmitting optics and an additional 
constant source of light, an optical image receiver 
with an adjustalale gain, means for automatic mean 

50 k>rightness confrol of the image and a cbrrtrol unit, 
the input of which is coupled to the one of the out- 
puts of a synchronising unit, another output of 
wtiich is coupled to the input of a pulsed source of 
light characterised in that the synchronising unit 

55 and the control unit are designed to provide the 
possibility to synchronise every light pulse and to 
increase tiie gain of the optical image receiver up to 
the moment when ttie li^ reflected from the most 
distant objects within a selected zone of observa- 
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tion comes back and to hold the gain at the oon- 
stant level until the next pulse emission. 

The apparatus as claimed in Claim 4 characterised 
in that the optical Image receiver comprises an s 
image intensifier (11) with a controllable gain by 
means of change of the control voltage on its micro- 
channel plate. 

The apparatus as claimed in Qaim 5 characterised io 
in that the synchronising unit arc! the control unit 
are designed to provide instantaneous increase of 
the image intensifying gain, its further constant 
increase and its instantaneous reduce in order to 
separate some concrete objects located within a is 
zone of observation. 
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Fig. 1 
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